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A STUDY OF MILK PRODUCED IN KWANGTUNG. 



C. O. LEVINH, B. S., Instructor in Animal Husbandry, aud Wm. W. Cadbury, 
M.A., M.D., College Physician, Cauton Christian College. 

The analyses and the study of the milk of different classes of 
cows carried out in this report were made under the auspices of the 
Agricultural Department of the Canton Christian College. The form- 
ulas for modification for the use of infants were supplied by Dr. 
Cadbury, the College Physician. Acknowledgement should also be 
made to Mr. Y. T. Chiu, M.A. , of the Department of Chemistry for 
assistance in the chemical analyses, and to Mr. I. S. Kwok, agricultural 
student in the College for making some of the fat analyses. 

A study of the milk produced in southeru China, particularly in 
the region of Canton, was begun in 1916 by the Agricultural Depart- 
ment of the Canton Christian College. 

The study has included the analyses of milk for fat fr,om 30 water 
buffalos and 12 European* cows kept in the college dairy. The milk 
from each cow, taken directly from the barn, was analyzed separately, 
twice a month for a period of 18 months. Mixed milk containing 
European, buffalo, and native cow's milk from a number of different 
dairies in Canton, aud the milk from one pure native cow were analyzed 
for butter fat. Several samples of milk from the Hongkong Dairy 
Farm, representing milk from a large number of European cows, 
have been analyzed for fat. In addition to the fat analyses, complete 
analysis including that of total solids, proteids, sugar aud ash, have been 
made of the milk of the water buffalo and the European cow. 

The analyses of the milk from the dairies in Canton were made 
with the assistance of Mr. I. S. Kwok, an agricultural student in the 
College. The determinations of protein and sugar were made with the 
assistance of Mr. Y. T. Chiu, of the Chemistry Department. 

The analyses for fat were made with a Babcock fat-testing ap- 
paratus. The total solids (made up of the fat, proteins, sugar, and 
ash) were found by evaporating a weighed sample of milk in a steam 
bath until the weight became constant. The ash was determined by 
heating in a crucible over a gas flame until the weight became con- 
stant. The proteids were determined by the Kjeldal method as 

* The modern breeds of cattle or their offspring, imported from Australia, 
England, or America, will be referred to as European cattle. The native cattle, 
which are of the bumped Asiatic type, will be referred to as the native or yellow 
cow. 
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described by Hawk in his " Practical Physiological Chemistry," pages 
438 and 401. The sugar was determined by subtracting the sum of 
the ash, proteids, and fat from the weight of the milk analyzed. The 
percentages were found in eacii case by dividing the weight of the 
6nal product by the weight of the sample of milk analyzed. 

Table I. Showing analysis of Canton buffalo milk and European 
cow's milk produced in southern China, and in America: 

/- j l a 1 European cow's European cow's 
Canton buffalo milk " in Can(on milk > ln Ame ,._ 
mtlk per cent. 

Fat 12.60 

Proteids 6.04 

Sugar ... 3.70 

Ash .86 

Total solids (including the 

tat, ash, proteids, an 1 sugar) 23.20 

Water 76.80 

The samples for analyses of buffalo and European cow's milk re- 
presented in the table were taken directly from the cows in the barn, 
and not from the bottled milk on sale in Canton, which is frequently 
diluted with water. European cow's milk, mixed with native, and 
buffalo cow's milk sold by a number of dairies in Canton, was found 
to vary from 5 to 6.5% fat in samples of bottled milk sold to the 
public. Six samples of milk from the Hongkong Dairy Farm, taken 
from as many different bottles secured on different days, contained 
from 3 to 3.5% fat, averaging 3.2%. The milk from the 12 European 
cows in the College herd contained from 2.80 to 5.00%, averaging 
3.78% fat. Several analyses of the milk from one pure native yellow 
cow showed it to contain 8.00% fat. The analyses show that European 
cow's milk iu southern China is about the same in composition as 
when produced iu the countries from which the cows have come. 
With more analyses the slight difference in the amount ol some of the 
constituents will probably prove to be still less. 

As shown by Table No. I. the fat content of Canton buffalo milk 
is unusually high, the average for the 18 months during which time 30 
different cows had been in the herd, being 12.60%. The lowest average 
for any individual cow was 11.50%, the highest was 15.60% fat. 

Table No. II. Canton buffalo milk compared with mother's milk. 

Mother's milk {Holt) 1 Canton buffalo milk 

per cent . per cent. 

Fats 4.00 12.60 

Sugar 7.00 3.70 

Proteids 1.50 6.04 

Ash .20 .86 

Water 87.30 76.80 



As is seen by Table No. II. Canton buffalo milk contains a great 
deal more of all constituents except sugar and water than does mother's 
milk, fat being about three times as much, and proteids and ash 
about four times as much as in mother's milk. 

Chart i. Mother's milk compared with Canton buffalo milk. 

(The same chart system as used by Dr. Logan' 2 ). 

Per cent. 

p . I Mother's milk 4-00 

rals } Buffalo milk 12.60 

„ ( Mother's milk 7.00 

!5Ugal ' } Buffalo milk 3-70 

Pmteirls I Motner ' s mi,k J -50 

Proteuls ^ Buffa]o milk 6 04 

, ( Mother's milk .20 

Asn I Buffalo milk 86 

Chart 2. Mother's milk compared with Canton buffalo milk modi- 
fied by the addition of water and sugar. For every too grams milk 18 
grams sugar, and enough water should be added to make 300 grams : — 

Per cent. 

„ . S Mother's milk ' 4.00 

rats I Buffalo milk 4.20 

Suear ■$ Motuer ' s milk 7.00 



Buffalo milk ... ... ... ... 7.20 

Mother's milk ... ... ... ... 1.50 

Buffalo milk ... ... ... ... 2.01 



. , j Mother's milk .20 

Asn } Buffalo milk .2? 

Simpler measures to use would be ten ounces undiluted buffalo 
milk, \yi ounces of sugar, and enough water to make 30 ounces. 

Under the heading " Modifying Fresh Milk, Holt's method" 1 Dr. 
Logan makes the following statement: " This is one of the simplest 
methods yet introduced. If milk is used that contains less fat than the 
formula calls for, it must be allowed to stand until the cream has risen 
somewhat, and then the top half or two-thirds is used." As Dr. 
Logan says, this is the "simplest" method,. provided we are sure of 
how much fat the milk contains and provided that the physical nature 
of all milk is the same. On the other hand, especially in China where 
there are so many different kinds of milk containing a great range in 
percentage of fat this is a most unreliable and unsatisfactory method. 
Milk "that contains less than the formula calls for," if "allowed to 
stand until the cream has risen somewhat," may contain anywhere 
from practically no fat, as in the case of skim milk, to fifteen or more 
per cent fat in the case of buffalo milk. Even supposing we have two 
bottles of milk containing the same percentage of fat and allow them 
to stand the same length of time and at the same temperature, " the 



upper half or two-thirds," may vary by several per cent fat in the two 
samples. Cream from different classes and breeds of milk animals 
rises at different rates. 3 In Jersey and Guernsey milk the cream rises 
a great deal more rapidly than in Ayrshire or Holstein milk. In water 
buffalo milk the cream rises very slowly. Fat in milk is in the form 
of extremely small globules, varying in size from TT V T to ^ J^ B of an 
inch in diameter. These fat globules have a lighter specific gravity 
than the milk serum and gradually rise to the surface when milk is 
allowed to stand quietly for a time. If these globules are comparatively 
large, as in the case of Jersey and Guernsey milk, the cream will rise 
quite rapidly. On the other hand, if the globules are comparatively 
small, as in the Holstein and Ayrshire, and probably in the buffalo 
milk, the cream will rise more slowly. The rate at which cream rises 
is also partly dependent on the' viscosity of the milk, which varies with 
the amount of albumen in the milk. The more albumen in the milk 
the more viscous will it be. The amount of albumen in milk varies 
with different breeds and the period in lactation. 

The statement is made by Dr. Logan that the cream (meaning 
fat) varies with the season and the food the cow gets. According to 
Government Agricultural Experiment Station Reports, season and feed 
do not affect the per cent of fat in milk. 4 

Experiments by the U. S. Department of Agriculture and the 
various State Experiment Stations have proven conclusively that the 
kind of feed has no effect on the per cent of the fat in cow's milk. 
Cows fed on rich succulent feed will give milk with practically the same 
per cent, of fat as when fed on dry, unpalatable hay. The total amount 
of fat is increased as the total amount of milk is increased with 
nutritious feeds, but the per cent, of fat is not affected. The character 
of the fat, however, is affected by the kind of feed. For instance, 
linseed meal makes a soft oily fat, while cottonseed and cocouut meal 
make a harder fat. 4 

It has also been shown that in the case of foreign cows the per cent, 
of fat is lower in the early part, following the first three or four weeks 
of the lactation period, than it is after the cow has been giving milk 
for several months. This has also been found true with the buffalo 
cows in the College herd. At the beginning of the lactation period the 
fat is usually between 10 and 12%, while after the cow has been 
milking eight to ten months it runs between 13 and 16%. However, in 
modifying the milk from a herd of several cows this fact need not be 
taken into account as cows freshen at different times, and the total 
amount of milk will not vary — as does the milk from one individual — 
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from the beginning of the lactation period to the end. The length of 
time between milkings also affects the fat content. The shorter the 
period between milkings the higher will be the fat content. Thus if 
there is a shorter time from the morning to the evening milking than 
from the evening to the morning milking, as is usually the case, the 
morning milk will not be as rich in fat as the afternoon milk. The 
amount of difference will depend on the difference in the length of time 
between milking. At the College, where the cows are milked at four 
o'clock in the morning and two o'clock in the afternoon, the morning 
milk averages about 11.00% fat, while the afternoon milk averages 
about 1350% fat. 

There is a great deal of difference in the fat content of the first 
and the last milk drawn. Accordiug to Wing 4 the per cent, of fat may 
vary from 1% in the first milk to 10% in the last milk drawn from the 
udder. 

Of the constituents of milk, the ash and sugar are the least 
variable, while casein usually bears a nearly constant ratio with the 
fat." 

Many dairies in Canton add water to the buffalo milk before 
selling, in every case admitting that from one-fourth to one-third is 
added water. This compares favorably with analyses for fat we have 
made of such watered milk which in every case contained from 7.50 to 
8.50% fat. 

Standardization of milk for fat content and reliable inspection of 
milk sold to the public are greatly needed in Canton, and other cities 
in China, the same as in Western countries. In the United States the 
various States and cities have laws fixing the minimum fat and total 
solids in milk. For fat these standards vary from 2.25 to 3. 75%, and 
for total solids from 11.50 to 13.00%. The minimum for buffalo milk 
in Canton might be: fat 11.00%, and total solids 22.00%. For foreign 
cow's milk : fat 3.00% and total solids 13.00%. Our analyses show 
that these figures would be a fair minimum, as the average of all milk 
analyzed is somewhat higher. Enforced sanitation in dairies should 
be adopted. Such laws would insure the public against watered milk. 
The milk sold to the public should be analysed by a competent person 
for fat and cleanliness at frequent intervals. Persistent offenders 
against the law should have their right to sell milk cancelled. 

Until such laws are passed individuals must protect themselves 
from contaminated milk. The word of the average dairyman that he 
is producing sanitary milk should not be too readily accepted. His 
standard of sanitation may not be very high. The dairy from which 



the milk comes should be visited in person at frequent intervals, 
especially during the milking hours. If there is doubt as to the purity 
of the milk it should be pasteurized, especially for infants, by holding 
the milk at a temperature of from 150 to 160 degrees F. for 15 minutes. 
This will kill all germs of ferments, and most of the germs of specific 
diseases, including the tubercle bacillus. If the milk is cooled quickly 
after pasteurizing, it will not develop a boiled flavor. 

Heating the milk to boiling point is safest, but if it is thus heated 
the digestibility of the protein is lowered, and it will have a charac- 
teristic boiled flavor. 

Dr. Logan's suggestion that every doctor should own a Babcock 
milk testing outfit is good. Certainly milk for infants should be tested 
and formulas made out according to the fat content. These fat tests 
should be made frequently if the herd is a small one of from one to 
three cows, for as already pointed out, if they have freshened at nearly 
the same time the per cent, of fat will vary from month to month. The 
probability of this variation is greatly lessened in larger herds. 

Few pure native yellow cows are kept for milking purposes. This 
is due to the small amount of milk these cows usually give. In several 
herds cows with some native blood were found, but only one pure 
native yellow cow was found in all the dairies of Canton. Strange to 
say she was giving as much as 16 pounds of milk a day in the fifth 
mouth of the lactation period, and her milk, when analyzed for fat as 
indicated above, proved to contain 8.00%. No further analysis of the 
yellow cow milk has been made. 

Buffalo milk is wholesome and palatable when produced under 
sanitary conditions. Like most kinds of milk when pure, buffalo milk 
has little or no odor. The strong, objectionable odor often found 
associated with buffalo milk is due largely to dead scales and hair from 
the body of the cow that have fallen into the milk during milking. 
One small flake of skin or one hair may taint a gallon of milk so 
that the flavor will be unpleasant. When milk is produced under 
sanitary conditions it may still have an odor when first drawn. This 
odor is due to gases in the milk which leave it after the milk has stood 
for a short time in a clean, well-ventilated room. 

Foreigners and Chinese at the College prefer buffalo to foreign 
cow's milk. For children, foreign cow's milk is preferred as its use 
requires no modification as does buffalo milk. For infants requiriug 
milk modification the buffalo milk is to be preferred, because of the 
ease with which it can be modified. Top milk or cream is not 
required. 
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Before the cow is milked she should be carefully brushed with a 
stiff brush, especially in the region of the hind quarters, flank and leg 
on tbe side from which the milk is drawn. The flank, udder, and leg 
of the cow should then be washed and fairly dried. No manure should 
be allowed to collect in the barn. It will attract flies and add objection- 
able odors to the milk. Before milkiug the workmen should first wash 
their hands in hot water and soap, using a stiff brush to clean their 
finger nails. The hands should then be washed in an antiseptic solu- 
tion. Mercuric chloride, one part in 5,000 parts of water, makes a good 
antiseptic for this purpose. It is odorless and effective. The hands 
should then be rinsed in pure water. All the vessels and bottles which 
have contained milk should first be washed in warm water. (Hot water 
at first will cause the casein in the milk to coagulate and stick to the 
utensils.) Then they should be washed in hot water to which a clean- 
ing solution has been added Washing soda is best for this purpose. 
One tablespoonful to two gallons of water should be used. Last of all 
they should be rinsed in scalding water, or steamed for three minutes 
in scalding steam. They should then be stacked, bottom up, on shelves 
or racks to dry and remain nulil the next milking where the flies cannot 
get at them. 

One fault of the Chinese milker, which is extremely difficult to 
overcome, is that of wetting the teats when milking. This is not 
surprising for it is not many years ago that in western countries most 
milkers moistened teats in milking. If only a little boiled or pure water 
is used, and the hands of the milkers and the teats are as clean as they 
can be made, clean milk may be produced in this way. However, the 
milker should never be allowed to use so much water that it drops from 
his hands and into the milk, for the milk will then be sure to have 
an odor from the body of the cow. In no case should the milker be 
allowed to moisten the teats by dipping his fingers into the milk. 

It may be of interest to state here that Dr. C. M. Heauley of the 
Vaccine and Bacteriological Laboratory, Hongkong, writes that among 
native cattle in southern China tuberculosis is practically unknown, 
only occurring in one case among 250,000, unless the cows are closely 
stabled with foreign cows which have tuberculosis. 

SUMMARY. 

I. The average per cent, fat from the analysis of milk from thirty 
buffalo cows in and near Canton is 12.60. This can be taken as the 
average for buffalo milk produced in the region of Canton. Ten differ- 
ent analyses show the milk to contain 23.30% total solids, 6.04 proteids, 
3.70 sugar, and 0,86% ash. 
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2. Buffalo milk cau be readily modified for infants by using 10 oz. 
milk, iyi ox. sugar, and enough water to make 30 oz. 

3. Milk from individual cows varies considerably in fat content. 

4. While individual cows may vary in fat content, the average in 
a herd from day to day, and month to month, is quite constant. 

5. Time siuce freshening may affect the fat content. The longer 
the cow gives milk after freshening, as a rule the higher will be the fat 
content. Tins difference may be from zero to as high as 1.50% fat in 
European cow's milk, and as much as 4% in buffalo milk. 

6. The character of the feed has no permanent effect on the fat 
content of milk. 

7. The Holt method of modifying milk that is too low in fat, by 
allowing it to stand until the cream rises, is unreliable as the amount of 
cream and the rate at which it rises depend on too many factors. The 
only practical way to change the fat content of milk is by modifying the 
per cent, of fat as shown with the Babcock tester. 

8. The pure native "yellow cow" is seldom used for milking 
purposes in Canton. One pure yellow cow gave milk with 8.00% fat. 

9. Milk should be standardized, and sanitation rules for dairies 
be made and enforced. 

10. Where milk is bought from dealers whose methods of pro- 
ducing milk are unsanitary the milk should be boiled, or if possible 
pasteurized. 

11. Buffalo milk is wholesome and palatable when produced under 
sanitary conditions. 

CONCLUSION. 

The study of buffalo aud native yellow cow's milk by the College 
has just begun and further investigations will continue. 

Co-operation in this important study will be greatly appreciated. 
Especially shall we be glad to analyze for fat, buffalo aud native yellow 
cow's milk from cities and districts other than in the vicinity of Canton. 
If milk is sent to us the following rules must be carefully followed : — 

1. In securing a sample of milk from individual cows, all the 
milk should be first drawn from the cow. The milk should then be 
thoroughly mixed by pouring from one vessel to another three or four 
times. The sample should then be immediately poured into the bottle 
in which it is to be sent. The milk drawn last has from two to ten 
times as high a fat content as the milk drawn first. If the milk 
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is allowed to stand only a few minutes, the upper part will contain 
more fat than the lower, hence the above precautions are necessary in 
order to get a representative sample. 

2. A reliable person should secure the milk, directly from the 
barn, so that the above rule will be strictly followed. Unless this is 
done no accurate test will result. Do uot send milk secured from the 
man who delivers milk. Such milk may not be representative, and it 
may be watered. 

3. Samples of milk representing a number of cows should be 
secured in the same way. That is, the milk from all the cows should 
be thoroughly mixed by pouring from one vessel to another, and the 
sample quickly taken before the cream has time to rise. 

4. If the milk is from one cow, state how much milk the cow 
gives daily. 

5. About three ounces of milk is sufficient. Add two or three 
drops of formalin to keep from souring, seal, and send by parcel post. 

6. Address samples to the Agricultural Department of the Canton 
Christian College, Canton, China. 
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